Introduction
Diabetes Mellitus (DM) is one of the most common Paediatric metabolic disorders affecting almost 1.7/1000 children below 18 years of age [1] . Its incidence is rapidly increasing worldwide by a rate of 3% to 5% [2] .
Abstract
Diabetes Mellitus is one of the most common Paediatric metabolic disorders with an incidence that is rapidly rising worldwide. Its management requires a multidisciplinary approach with involvement of highly specialized team members. Lack of proper diabetes management in children and adolescents results in poor glycemic control and predisposes to acute and long term complications. We aim to study the impact of implementing a multidisciplinary team approach on the glycemic control in children and adolescents with diabetes.
We have built a multidisciplinary team over a period of 4 years and examined the impact of provision of diabetes management on the diabetes control of the children and adolescents attending our diabetes department. Data of HbA1c of patients followed in the department and rate of admission for DKA was collected over 4 years' period. Average HbA1c and rate of admission for DKA were drawn up annually over the study period. First year of the study was considered the baseline point with which mean annual HbA1c was compared.
A multidisciplinary team of 8 members was built over the study period. Total number of patients in clinic increased from 37 to 79, 190, 272 and 331 in years 2010 to 2014 respectively. Average (mean) age for patients in clinic was 1.2-18.7 years (9.4) with a 1:1 gender ratio.
Percentage of patients with HbA1c less than 7.5% rose from 0 to 6, 13 and 21% from clinic population on yearly basis from 2011 to 2014. For the category of A1c between 7.5-9.5%, percentage of patients increased from 40 to 45, 59 and 61% over years between 2011 to 2014 (P = 0.002). Number of patients with HbA1c above 9.5% dropped from 60 to 49, 28 and 18% annually by 2014 (P = 0.003). Rate of DKA admission decreased significantly over the period of study (P = 0.001).
Implementing a multidisciplinary approach in treating children and adolescents with diabetes can result in improving glycemic control. The approach is proven to be effective and sustainable. The management of type 1 DM requires high adherence to complex tasks such as insulin injection, blood glucose monitoring, nutrition plans and physical activity [3] . Guidelines have recently changed to encourage an HbA1c in children of less than 7.5% [4] . To fulfill the requirements for proper management and control, a well-structured plan at the levels of hospital and community is required. Due to the fact that DM is a chronic complex disease, creation of multidisciplinary facilities offering specialized care service for its management is essential, as it is known to improve glycemic control and quality of life in patients with diabetes [5] . The subspecialty care offered by the multidisciplinary team is proven to be directly related to better diabetes outcomes and reduction of complications [6] . Amongst those complication is Diabetes Ketoacidosis (DKA) which is estimated to occur in 10% of the type 1 established population [7] .
Received
Specialized care is essential for management of chronic diseases like diabetes. This is particularly the case in children as their physical, developmental and emotional needs are complex. Caring for such needs through multidisciplinary teams in specialized centers ensures the best long-term outcomes [8] . It is proven that ensuring high family education and competence in the disease management is associated with better emotional well-being. Intensive education and treatment may also prevent or delay the onset and progression of complication [9] .
Prior to the project, there was a lack of multidisciplinary team to provide care for children and adolescents with diabetes. Patients were managed by general physicians and nonspecialized nurses. There was no diabetes dietetic or psychology service. Use of mixed insulin's was common and insulin pumps were not available.
The project was a quality improvement initiative to improve care for children and adolescents with diabetes and expand diabetes service provided by the team.
Aim
The project aims to study if implementation of a multidisciplinary team approach results in improving glycemic control in children and adolescents with type 1 diabetes.
Patients and Method
At the start of the project, comprehensive gap analysis was done to identify gaps in the care provided to children with diabetes in the current system. The analysis identified lack of a multidisciplinary team to manage children with type 1 diabetes in compliance with the international guidelines for diabetes management. The planned healthcare model was to build a multidisciplinary team, which was commenced in 2011 and completed in 2014.
Improvement of glycemic control in the patients was chosen to be the key performance indicator for the newly developed team and the primary end-point for the project. Reduction of diabetes ketoacidosis was a secondary end-point. The HbA1c monitoring is part of diabetes standard of care and is done in a central hospital lab at 8-12 weekly interval for all patients diagnosed with diabetes. Database of patients with diabetes under 18 years of ages who are in regular follow up at the diabetes unit was constructed. Lists of patients were drawn on yearly basis. Health Information department in the hospital was approached to pull out figures of HbA1c for each patient for each year's list. Number of patients admitted to hospital for DKA per 100 patients followed up in clinic was calculated on yearly basis. Comparison was performed between the baseline figure and the consequent years' figures.
Data stratification
HbA1c for all patients under 18 years was obtained. Annual average HbA1c for all clinic population was claculated for 4 years period. HbA1c was subdivided into 3 categories:
1. HbA1c less than 7.5% (well-controlled) 2. HbA1c 7.5-9.5 (suboptimal control) 3. HbA1c above 9.5 (poor control)
Intervention
A multidisciplinary team for management of children with diabetes was built. Specialist diabetes nurses and dieticians received intensive training in Paediatric diabetes management. Educators received special training on the use of technology in treatment of diabetes. The Paediatric diabetes caseload was divided between the 4 diabetes educators. One diabetes educator was promoted as the Paediatric diabetes service coordinator and was in charge of maintaining and updating the clinic database. She also has the task of allocating patients to educators based on number of patients per educator, preferred gender of educator by family, language spoken and special interest of the educator in relation to treatment technology used per each patient.
Each patient was allocated a named diabetes educator to be the first line to access of service and was provided with open access to diabetes clinic. Patients were provided with direct contact number of the named-educator after hours. Each educator offered 24/7 telephone access to his/her group of patients. The role of the educators included introduction of initial and ongoing patient education, setting up group education meetings, training patients at a high level on devices and equipment used to manage diabetes, conducting awareness campaigns for diabetes. Patients and families were educated on the importance of patient-team collaboration to prevent and treat diabetes complication. They were, also, engaged in various special education programs and involved in departmental surveys and feedback. Patients were encouraged to, closely, monitor their glucose profile and educated on the importance of keeping a good glycemic control. Education on DKA recognition, prevention and management received a high priority in patients and family education. Educators used various audiovisual methods to explain the condition to patients who were given written and digital material for consolidating the knowledge they gain from education sessions. Patients are also trained on using blood and urine ketone strips to detect early signs of DKA. Patients were instructed on the level at which management of ketosis should be started. Detailed instruction on how to avoid and treat DKA was given special attention to patients on insulin pump therapy.
Statistical analysis
Chi Square test was performed to test the difference in average HBA1c and admission rate through the study period. P value was considered significant if it was found to be less than 0.05.
Results
A multidisciplinary team built consisted of 3 physicians (one consultant and 2 specialists), 2 diabetes educators, 2 dieticians and one psychologist. Total number of patients in clinic increased from 37 to 79, 190, 272 and 331 in years 2010 to 2014 respectively. Average (mean) age for patients in clinic was 1.2-18.7 (9.4) years with a gender ratio of approximately 1:1 male to female. 50% of patients were Arab Emirati with the rest consisting of other Arab (non-Emirati), Asian (Indian, Pakistani) and Europeans.
Percentage of patients with HbA1c less than 7.5% rose from 0 to 6, 13 and 21% for clinic population on yearly basis from 2011 to 2014. This observation was statistically significant with a P value of 0.002. For the category of A1c between 7.5-9.5%, 1 ).
Acute admission for DKA dropped from 78 episodes for the year 2010 to 41, 21, 12 and 6 episodes for years 2011-2014 respectively (P = 0.001) (figure 2).
Over the study period, insulin pump use has increased to 50% in 2014 when half of the patients used insulin pumps and the other half was managed on Multiple Daily Injections (MDI) of insulin. 60% of pump users used sensor-augmented pump version and a third utilized the hypoglycemia automatic off switch pumps.
Discussion
A multidisciplinary Paediatric diabetes team can provide cost effective care to children with diabetes. The effective care results from improving metabolic outcomes, delaying and preventing complication. Lack of proper patient and family education and management of a multidisciplinary team leads to increase risk of complications [6] . In our hospital, diabetes care for children and adolescents with diabetes was originally delivered by general Paediatric team of physicians and nurses with no specialized expertise in Paediatric diabetes management. A strategic plan was put from the outset of the project to ensure provision of all requirements for service. Special emphasis was put to offer comprehensive education for patients provided by highly qualified multidisciplinary team.
A direct impact of improved metabolic control will be fewer hospitalizations for acute complications [10] . In particular, DKA is an expensive complication of type 1 diabetes with a mean cost per hospitalization of $10, 876 ± 11,024 [11] . We have shown a significant reduction of acute admission due to DKA following implementing the model of multidisciplinary team approach [12] .
The Diabetes Control and Complication Trial (DCCT) provided clear evidence in adults and adolescents that improved metabolic control, is associated with fewer and delayed microvascular complications [13] . Follow-up data from the DCCT through the Epidemiology of Diabetes Interventions and Complications (EDIC) trial indicates those 5-7 years of poor glycaemic control during adolescence and young adulthood, results in an increased risk for microvascular and macrovascular complications in the subsequent 6-10 years [14] .
HbA1c monitoring has been shown to be the most useful measure in evaluating metabolic control and is the only measure for which good data are available in terms of its relationship with later microvascular and macrovascular complications [13] . Our study showed a significant increase in the number of patients who achieved the international target of diabetes control [4] .
Dieticians, diabetes nurse educators and clinical psychologist are valuable members of the diabetes multidisciplinary team. Dietician offer medical nutrition therapy, which is necessary for a successful management of type 1 diabetes [15] . Accordingly, dietetic support constitutes a major part of diabetes service. Creating positions for dieticians and their regular development is essential. All children with type 1 diabetes should receive counselling from a registered dietitian experienced in Paediatric diabetes. Equally important is provision of diabetes education by competent diabetes nurses. Patient and family education is a major step in coping with diabetes management. Our team consisted of experienced dieticians and diabetes educators who were all certified pump trainers. Continued education of staff employed was maintained as a priority. Provision of advanced management resources for treating children under the care team was ensured. Required devices utilizing advanced technology were provided and education on their use was made available by a team of expert educators.
This development enabled us to utilize advanced forms of insulin pump to improve diabetes control in our patients.
Diagnosis of type 1 diabetes in a child imposes a big burden on families and the initial phase following diagnosis is linked with various emotional and psychological reactions. It is shown in many studies that encouraging caregivers to discuss emotional and physical concerns by competent psychologists is reflected positively on the initial reaction to disease diagnosis and longterm control [16] . Our psychologist was a trained psychotherapist and offered counseling for patients and families at the initial There are many limitations of implementing a multidisciplinary approach for treatment of diabetes in children and adolescents. This highly specialized area requires subspecialty training of various health care providers. Lack of dieticians highly trained in diabetes management is a big obstacle in establishing a high quality diabetes center. Specialist nurses are hard to recruit and need continued training to keep up to the moving field of technology. Psychology service is not widely available and experienced psychologists in management of chronic disease need special qualification and training. Shortage of staff is a main issue amongst facilities, which run diabetes service for children and adolescents. Lack of budget to fund various position is a major obstacle.
It is known that health care costs for type 1 diabetes patients are higher than those for general population [17] . Insurance can be a challenge, too. In the SEARH of diabetes youth study, lack of private health insurance was found to be a risk factor in development of DKA [18] . Implementing and sustaining the diabetes care model can be hard to achieve in institution with limited resources.
Majority of insurer in our region do not cover glucose, ketone strips, insulin pump and continuous glucose monitoring devices and their accessories. Lack of insurance cover results in limited access to care and inability to use advanced technology in our region (personal experience).
Conclusion
As glycemic control is a major contributor to long-term, diabetes complications, investing in building a multidisciplinary team improve not only short term control but also prevent chronic complications. Implementing a multidisciplinary approach in treating young people results in improving care and improving glycemic control. However, its implementation imposes various challenges.
